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(54) FERROELECTRIC COLD CATHODE AND ITS 
DRIVING METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To make controllable the 
emission area and amount of electrons emitted and the 
spread of the emitted electrons by providing a portion 
where an insulating film intervenes between a 
ferroelectric and an upper electrode and a portion where 
the ferroelectric makes contact with the upper electrode 
to form an electron emitting window. 

SOLUTION: This ferroelectric cold cathode has lower and 
upper electrodes 2, 3 placed respectively at the bottom 
and top of a ferroelectric 1,- and has between the 
ferroelectric 1 and the electrode 3 a portion where an 
insulating film 4 is formed and a portion where the 
ferroelectric 1 makes contact with the electrode 3, with 
an electron emitting window formed in the portion where 
they make contact. Electron emission by the polarization 
reversal of the ferroelectric is known to start to occur 
from an applied pulse voltage that is about twice the 
resisting electric field of the ferroelectric or 
greater. Thus when a driving pulse voltage 6 is applied 
to the electrode 3, an effective voltage applied to the 
ferroelectric 1 during drive is lowered enough under 
wiring where the ferroelectric 1 and the film 4 form 
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double layers, so that electron emission is not started, 
while electron emission can be effected only from the 
electron emitting window. 
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CLAIMS 



Claim(s)] 

Claim 1] Ferroelectric cold cathode characterized by having the portion which the portion which minds an insulator 
ayer between a ferroelectric and an up electrode, and a ferroelectric and an up electrode touch in the ferroelectric cold 
:athode from which a ferroelectric is pinched and constituted by a lower electrode and the up electrode, and 
iccomplishes an electron emission aperture. 

Claim 2] Ferroelectric cold cathode which is characterized by providing the following and from which a ferroelectric 
s pinched and constituted by a lower electrode and the up electrode. The portion which is equipped with the 1st up 
;lectrode and the 2nd up electrode as an up electrode, and minds the 1st insulator layer between a ferroelectric and the 
.st up electrode. It has the portion which a ferroelectric and the 1st up electrode touch and accomplishes an electron 
mission aperture, the 2nd insulator layer is minded on the 1st [ of the portion which minds the 1st insulator layer 
>etween the aforementioned ferroelectric and the 1st up electrode ] electrode, and it is the 2nd up electrode. 
Claim 3] Ferroelectric cold cathode which is characterized by providing the following and from which a ferroelectric 
s pinched and constituted by a lower electrode and the up electrode. The portion which is equipped with the 1st up 
dectrode, the 2nd up electrode, and the 3rd up electrode as an up electrode, and minds the 1st insulator layer between a 
erroelectric and the 1st up electrode, a 1st [ of the portion which is equipped with the portion which a ferroelectric and 
he 1st up electrode touch and accomplishes an electron emission aperture, and minds the 1st insulator layer between 
tie aforementioned ferroelectric and the 1st up electrode ] electrode top the 2nd insulator layer — minding — the 2nd 
p electrode - preparing -- further — this — a 2nd up electrode top - the 2nd insulator layer - minding - the 3rd up 
lectrode 

Claim 4] Ferroelectric cold cathode characterized by the dielectric constant of the aforementioned insulator layer being 
00 or more in ferroelectric cold cathode given in any 1 term of claims 1-3. 

Claim 5] The drive method of the ferroelectric cold cathode which is the drive method of ferroelectric cold cathode 
ccording to claim 2, and is characterized by impressing positive electric field to the up electrode of the above 2nd. 
Claim 6] The drive method of the ferroelectric cold cathode characterized by being the drive method of ferroelectric 
old cathode according to claim 3, impressing positive electric field to the up electrode of the above 2nd, and 
npressing negative electric field to the up electrode of the above 3rd. 



Translation done.] 
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)ETAJLED DESCRIPTION 

Detailed Description of the Invention] 
0001] 

The technical field to which invention belongs] this invention relates to the ferroelectric cold cathode which emits the 
lectron applied to image formation equipments, flat-surface displays, etc., such as a printer, and its drive method. 
3002] 

Description of the Prior Art] Conventionally, ferroelectrics, such as Pb(Zr, Ti) 03 (Following PZT is called) and 0(Zr 
?b, La), Ti) 3 (Following PLZT is called), are material which has spontaneous polarization, and it is known by the 
olarization reversal by high-speed pulse impression that two or more several A/cm emission current density will be 
btained. 

)003] Here, what is reported by H.Gundel etc. is explained as ferroelectric cold cathode which emits the conventional 
:ectron beam using drawing 5 which is the outline block diagram (J. Appl.Phys.69(2), pp975, 1991 references). As 
10 wn in drawing 5 , this ferroelectric cold cathode is the structure where the ferroelectric 101 was pinched by the 
>wer electrode 102 and the up Kushigata electrode 103. If an alternating electric field 106 is impressed between the 
iwer electrode 102 and the up Kushigata electrode 103, polarization arises in sense which negates the electric field 
apressed to the ferroelectric 101 interior, this polarization will be reversed with change of the impression alternating 
ectric field 106, and strong electric field will arise. And if two or more 107 V/cm strong electric field are impressed to 
ferroelectric 101, the electron of a ferroelectric 101 will be pulled out by the up Kushigata electrode 103, and will be 
nitted to the external world. 

•004] The above-mentioned ferroelectric cold cathode is simple for element structure, and comparatively, also by the 
w vacuum (10 to 1 or more mTorrs), since electron emission is possible, the application to image formation 
[uipments and flat-surface displays, such as a printer, is proposed. 
005] 

'roblem(s) to be Solved by the Invention] However, if direct metal wiring was formed on a ferroelectric and it was 
ade to operate, since it could not be reversed with the whole ferroelectric under wiring, electron emission was not 
»le to happen and the electron emission section was not able to be limited, electron emission area and the amount of 
sctron emission were uncontrollable by the above-mentioned conventional ferroelectric cold cathode. Furthermore, " 
hen it applied, for example to a display, fluorescent substance luminescence by the electron emission of the wiring 
ction arose for the electron emission generated by polarization reversal with the ferroelectric under a wiring 
tetrode, and there was a problem of causing deterioration of display quality. Moreover, although applied to image 
rmation equipments, such as a printer, in latent-image formation, a problem which is the same occurred also in the 
se. 

006] Such a problem is avoidable, if a ferroelectric is processed and it wires. However, another problems, such as 
mplication of that dry etching, such as RIE, is difficult, that the leakage current in a processing edge portion 
ureases, and a process, generated compound metallic oxides, such as PZT. 

307] Moreover, in the case of the ferroelectric cold cathode using PZT ceramics, the pulse voltage for obtaining 
;ctron emission is as high as 1 50-300 V, and reduction of driver voltage is required for it for device application. 
308] Moreover, the electron emission from ferroelectric cold cathode had an angle of divergence by dispersion on a 
roelectric and the front face of an electrode, and since the breadth of this emission electron was not able to be 
ppressed, high definition in flat-surface display application etc. was not able to be obtained. 

)09] this invention is made in order to solve the above technical problems, and control of the discharge area of the 
rission electron, a burst size, etc. and suppression of the breadth of the emission electron are possible, and it aims at 
fering the ferroelectric cold cathode and its drive method of a low-battery drive. 
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0010] 

Means for Solving the Problem] In order to solve the above-mentioned technical problem, in the ferroelectric cold 
athode from which a ferroelectric is pinched and constituted by a lower electrode and the np electrode, the portion 
/hich the portion which minds an insulator layer between a ferroelectric and an up electrode, and a ferroelectric and an 
p electrode touch, and accomplishes an electron emission aperture has and consists of this inventions. 
)01 1] Moreover, it sets to the ferroelectric cold cathode from which a ferroelectric is pinched and constituted from this 
lvention by a lower electrode and the up electrode. The portion which is equipped with the 1 st up electrode and the 
nd up electrode as an up electrode, and minds the 1st insulator layer between a ferroelectric and the 1st up electrode, It 
as the portion which a ferroelectric and the 1st up electrode touch and accomplishes an electron emission aperture, and 
le 2nd up electrode is prepared and constituted through the 2nd insulator layer on the 1st [ of the portion which minds 
le 1st insulator layer between a ferroelectric and the 1st up electrode ] electrode. 

)012] Moreover, it sets to the ferroelectric cold cathode from which a ferroelectric is pinched and constituted from this 
lvention by a lower electrode and the up electrode. The portion which is equipped with the 1st up electrode, the 2nd 
p electrode, and the 3rd up electrode as an up electrode, and minds the 1st insulator layer between a ferroelectric and 
le 1st up electrode, It has the portion which a ferroelectric and the 1st up electrode touch and accomplishes an electron 
mission aperture, a 1st [ of the portion which minds the 1st insulator layer between the aforementioned ferroelectric 
id the 1st up electrode ] electrode top ™ the 2nd insulator layer - minding ~ the 2nd up electrode — preparing — 
irther ~ this — the 3rd up electrode is prepared and constituted through the 2nd insulator layer on the 2nd up electrode 
)013] Furthermore, in this invention, the dielectric constant of an insulator layer is made or more into 100 in the 
Dove-mentioned ferroelectric cold cathode. 

)014] Moreover, it sets to the ferroelectric cold cathode from which a ferroelectric is pinched and constituted from this 
tvention by a lower electrode and the up electrode. The portion which is equipped with the 1st up electrode and the 
ad up electrode as an up electrode, and minds the 1st insulator layer between a ferroelectric and the 1st up electrode, It 
as the portion which a ferroelectric and the 1st up electrode touch and accomplishes an electron emission aperture. It 
supposed that positive electric field are impressed to the 2nd up electrode as the drive method of the ferroelectric 
)ld cathode which prepared and constituted the 2nd up electrode through the 2nd insulator layer on the 1st [ of the 
)rtion which minds the 1st insulator layer between a ferroelectric and the 1st up electrode ] electrode. 
•015] Moreover, it sets to the ferroelectric cold cathode from which a ferroelectric is pinched and constituted from this 
vention by a lower electrode and the up electrode. The portion which is equipped with the 1st up electrode, the 2nd 
) electrode, and the 3rd up electrode as an up electrode, and minds the 1st insulator layer between a ferroelectric and 
e 1st up electrode, It has the portion which a ferroelectric and the 1st up electrode touch and accomplishes an electron 
nission aperture. The 2nd up electrode is prepared through the 2nd insulator layer on the 1st [ of the portion which 
inds the 1st insulator layer between the aforementioned ferroelectric and the 1st up electrode ] electrode, furthermore 
this — it is supposed that positive electric field are impressed to the 2nd up electrode as the drive method of the 
rroelectric cold cathode which prepared and constituted the 3rd up electrode through the 2nd insulator layer on the 
id up electrode, and negative electric field are impressed to the 3rd up electrode 

016] Since it is considering as the composition equipped with the electron emission aperture on the ferroelectric 
cording to this invention, electron emission can be limited only to an electron emission window part, polarization 
versal does not occur in the ferroelectric under the wiring metal which is not directly formed on the ferroelectric, and 
e electron emission from under wiring does not happen. This becomes possible to control electron emission area and 
s amount of electron emission. It follows, for example, in display application, it can prevent emitting light by the 
sctron emission to fluorescent substances other than a light-emitting part, display quality can be raised, and this does 
3 same operation so also in image formation equipments, such as a printer. 

017] Moreover, by impressing electronic drawer electric field by the 2nd up electrode, the electron emission voltage 
)m a ferroelectric can be reduced and reduction of the driver voltage of an element is attained. Furthermore, if 
sctronic drawer field strength is changed, the amount of electron emission in the same pulse voltage is controllable. 
318] Moreover, by impressing negative electric field to the 3rd up electrode, the breadth of a discharge electron can 
suppressed and it becomes possible to realize image formation equipments, such as a high-definition flat-surface 
iplay and a printer excellent in imprint precision. 
319] 

mbodiments of the Invention] Hereafter, the form of operation of this invention is explained with reference to a 
iwing. Although the ferroelectric cold cathode of this invention is constituted by the aggregate of two or more cold 
ihode, below, drawing showing single element structure is used. 

)20] Drawing 1 is the outline cross section of the ferroelectric cold cathode of the 1st operation form of this 
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Qvention. As shown in drawing 1 , the lower electrode 2 and the up electrode 3 are arranged at each of the lower part 
»f a ferroelectric 1, and the upper part, and this ferroelectric cold cathode has the portion which the portion by which 
he insulator layer 4 is formed between the ferroelectric 1 and the up electrode 3, and a ferroelectric 1 and the up 
lectrode 3 touch, and the electron emission aperture is constituted by the portion which a ferroelectric 1 and the up 
lectrode 3 touch. In addition, in fact, although drawing 1 shows the cross-section structure of ferroelectric cold 
athode, it is formed so that an insulator layer 4 and the up electrode 3 may surround the circumference of an electron 
mission aperture. 

3021] It is known that the electron emission by polarization reversal of a ferroelectric will begin to be generated by the 
■vice [ about / more than ] as many impression pulse voltage of a ferroelectric as anti-electric field. Therefore, in the 
srroelectric cold cathode of this 1st operation form, if the driving pulse voltage 6 is impressed to the up electrode 3 In 
le portion in which the insulator layer 4 is formed between the bottoms 3 of wiring used as the double layer of a 
srroelectric 1 and an insulator layer 4, i.e., a ferroelectric 1 and an up electrode, the effective voltage built over a 
OToelectric 1 at the time of a drive falls, and it does not result in electron emission, but electron emission only from an 
lectron emission aperture can be performed. 

)022] Next, as 2nd operation gestalt, as shown in drawing 2 , what formed the 2nd up electrode 13 through the 2nd 
lsulator layer 14 on the up electrode 3 of the ferroelectric cold cathode of the above 1st is explained. In addition, in 
ict, although drawing 2 also shows the cross-section structure of ferroelectric cold cathode, it is formed so that an 
Lsulator layer 4, the up electrode 3, the 2nd insulator layer 14, and the 2nd up electrode 13 may surround the 
xcumference of an electron emission aperture. 

)023] If the positive bias electric field 7 are impressed to the 2nd up electrode 13 of the ferroelectric cold cathode of 
ds 2nd operation gestalt, this 2nd up electrode 13 can act as an electronic drawer electrode, and the amount of electron 
nission can be increased. Moreover, even if it reduces the driving pulse voltage 6, the almost same amount of electron 
nission as the thing of the operation gestalt of the above 1st can be obtained, and reduction of driver voltage can also 
5 aimed at. Furthermore, it becomes possible to control the amount of electron emission by seting driving pulse 
)ltage 6 constant and controlling the positive bias electric field 7 impressed to the 2nd up electrode 13. 
•024] Next, as 3rd operation gestalt, as shown in drawing 3 , what formed the 3rd up electrode 23 through the 3rd 
sulator layer 24 on the 2nd [ of the ferroelectric cold cathode of the above 2nd ] up electrode 13 is explained. In 
Ldition, in fact, although drawing 3 also shows the cross-section structure of ferroelectric cold cathode, it is formed so 
at an insulator layer 4, the up electrode 3, the 2nd insulator layer 14, the 2nd up electrode 13, the 3rd insulator layer 
!■, and the 3rd up electrode 23 may surround the circumference of an electron emission aperture. 
025] If the negative bias electric field 8 are impressed to the 3rd up electrode 23 of the ferroelectric cold cathode of 
is 3rd operation gestalt, this 3rd up electrode 23 will act as an electrostatic lens, and will become possible 
controlling the breadth of the emission electron ]. 

026] In addition, although dielectric films, such as Si02 and SiN, can be used as an insulator layer 4 in the l-3rd 
ove-mentioned operation gestalten, for these dielectric films, a dielectric constant is a low'(Si02 is about four) in 
mparison. On the other hand, in order for the dielectric constant of a ferroelectric 1 to set to one half the effective 
ltage of the ferroelectric in the portion to which the laminating of a ferroelectric 1 and the insulator layer 4 was 
rried out highly (PZT is about 1000) generally, the thickness of several nm is required as insulating thickness. For 
ample, although Si02 thickness will be set to 4nm to the PZT film of 1 -micrometer ** in the combination of Si02 
d PZT, it is difficult to form the thing excellent in pressure-proofing and leak-proof nature on a ferroelectric by such 
ra-thin film. Therefore, as an insulator layer 4, 100 or more high dielectric films have a desirable dielectric constant, 
d SrTi03 and BaSrTi03 grade are mentioned as a concrete material. 

)27] Moreover, as a ferroelectric 1 of the ferroelectric cold cathode of the operation gestalt of the above l-3rds, 
tnpound metallic oxides, such as PZT, PLZT, SrBi2Ta209, and BaTi03, can constitute. Moreover, metallic 
iterials, such as Pt, Au, and aluminum, can be used for the up electrodes 3, 13, and 23. 
)28] 

sample] Hereafter, the more concrete example of this invention is explained with reference to a drawing. First, what 
id the PZT ferroelectric film as a ferroelectric 1 of the operation gestalt (refer to drawing 2 ) of the above 2nd is 
plained from the manufacture method as the 1st example. 

)29] It formed in Si substrate front face thermal oxidation Si02, and Ti thin film of lOnm of thickness and Pt 
ctrode layer of 200nm of thickness which is the lower electrode 2 were formed one by one by RF spatter oh it. 
)30] And on this substrate, by the sol gel process, spin application (3000rpmx 20 seconds), temporary baking (400 
jree-Cx 30 minutes), and book baking (650 degree-Cx 20 seconds) was repeated successively, respectively, and the 
T ferroelectric film which is about 800nm ferroelectric 1 was formed. 
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003 1] Then, SrTi03 film was adopted as an insulator layer 4, 100% of oxygen was used for the substrate temperature 
f 400 degrees C, RF spatter power 200W, and spatter gas by RF spatter, and the thing of about 50nm of thickness was • 
ormed on the conditions of gas pressure 2mTorr. And in order to form the electron emission aperture 5, patterning of 
;rTi03 film was performed. This patterning forms a 2mmx2mm aperture by the usual photolithography and wet 
tching (etching reagent : mixed liquor of a hydrochloric acid (HC1), a buffered fluorine (BHF), and water). 
3032] Thus, on the formed insulator layer 4, Pt film of 50nm of thickness was formed by EB vacuum deposition as an 
p electrode 3, and, subsequently Si02 film of 300nm of thickness was formed by RF spatter as the 2nd insulator layer 
4. And in order to form the electron emission aperture 5, a photolithography and wet etching (etching reagent : BHF) 
erformed patterning of Si02 film like the above. 

X)33] Furthermore, on this 2nd insulator layer 14, by the lift-off method which used the photoresist as the mask, Pt 
im of 200nm of thickness was formed using EB vacuum deposition, the 2nd up electrode 13 was formed so that it 
light have the electron emission aperture 5, and production of the ferroelectric cold cathode of this example was 
Dmpleted. 

)034] Next, evaluation of the electrical property of the ferroelectric cold cathode produced as mentioned above is 
Kiplained. The ferroelectric cold cathode of this example has been arranged in a vacuum tub, it exhausted to 10-5Torr, 
ad the element drive was performed, using Pt board and a fluorescent screen as a collector. As shown in drawing 2 , 
te drive grounded the up electrode 3 to the gland, and impressed the positive bias voltage (driving pulse voltage 6) of 
dV to the lower electrode 2 from 0. As a result of evaluating the luminescence pattern by fluorescent substance 
Lminescence with a fluorescent screen at this time, the luminescent spot was not seen other than electron emission 
)erture 5, but it was checked that the electron emission under wiring is inhibited. 

>035] Subsequently, the result which measured the dependency of the electron emission characteristic and the electron 
nission characteristic by bias electric field (positive bias electric field 7) is shown in drawing 4 . It turns out that it 
►Hows with the increase in the positive bias electric field 7 from drawing 4 to the 2nd up electrode 13, and electron 
nission starting potential is falling. Moreover, driver voltage is understood fixed, then that it can control the amount 
'electron emission by the positive bias electric field 7 to the 2nd up electrode 13 from the above result. 
036] in addition, an actual application device, such as this invention not being limited to this and using it as the 
ripe-like electrode for choosing a driver element in the 1st example of the above, although the lower electrode 2 is 
rmed all over the element, — responding - suitably — a design — it is free 

037] Next, the 2nd example which formed the 1st example of the above, the 3rd insulating layer 24 which consists of 
02 film similarly, and the 3rd up electrode 23 which consists of Pt film one by one at the 2nd [ of the 1st example of 
2 above ] up electrode 13 top is explained as the 2nd example corresponding to the operation gestalt of the above 3rd. 

338] About the ferroelectric cold cathode of this 2nd example, as shown in drawing 3 , the negative bias electric field 
)f -20-0V were impressed to the 3rd up electrode 23, and others are the same methods which performed electrical 
;tallation like the 1st example of the above, and evaluated the electrical property. However, the fluorescent screen 
ls used for the anode here. As a result of the evaluation, signs that it was completed by the emission electron were 
served by what the fluorescent substance luminescence pattern in a fluorescent screen raises the applied voltage of 
; negative bias electric field 8 to the 3rd up electrode 23 in the negative direction for (it lowers from 0V to -20V), and 
; lens effect of acting as an electrostatic lens was checked. 
)39] 

ffect of the Invention] As mentioned above, since polarization reversal of the ferroelectric under the wiring metal 
iich the electron emission field by ferroelectric cold cathode is limited only to an electron emission aperture, and is 
t directly formed on the ferroelectric has not occurred according to this invention, the electron emission from under 
ring does not happen. Thereby, the ferroelectric cold cathode excellent in the amount controllability of emission 
ctron is realizable. 

40] Moreover, the ferroelectric emitter of the planar structure can be formed without processing a ferroelectric, and 
old cathode production process can be simplified. 

41] Therefore, if the ferroelectric cold cathode of this invention is used, it will become possible to realize image 
mation equipments, such as a quality flat-surface display without deterioration of the display quality generated by 
electron emission to fluorescent substances other than a light-emitting part part, and a printer excellent in imprint 
cision. 

42] Furthermore, as an electronic drawer electric-field impression electrode, by preparing the 2nd up electrode, the 
se voltage impressed for the electron emission from a ferroelectric can be reduced, and, according to this invention, 
uction of the driver voltage of an element can be aimed at. Moreover, it becomes possible by changing electronic 
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rawer field strength, i.e., the impression field strength to the 2nd up electrode, to control the amount of electron 
mission in the same PASURU voltage. 

3043] Furthermore, according to this invention, by preparing the 3rd up electrode, the breadth of the emission electron 
an be suppressed and it becomes possible to realize image formation equipments, such as a printer excellent in a high, 
efinition flat-surface display or imprint precision. 



Translation done.] 



>://www4.ipdl.jpo.gojp/cgi»bin/tran_web_cgi_ejje 8/28/2003 



: NOTICES * 



Page 1 of 1 



apan Patent Office is not responsible for any 
iamages caused by the use of this translation. 

.This document has been translated by computer. So the translation may not reflect the original precisely. 
.**** shows the word which can not be translated. 
.In the drawings, any words are not translated. 



ASCRIPTION OF DRAWINGS 



Brief Description of the Drawings] 

Drawing 1] It is the important section cross section showing the outline structure of the 1st operation gestalt by this 
lvention. 

Drawing 2] It is the important section cross section showing the outline structure of the 2nd operation gestalt by this 
ivention. 

Drawing 3] It is the important section cross section showing the outline structure of the 3rd operation gestalt by this 
ivention. 

Drawing 4] It is drawing showing the result which measured the dependency of the electron emission characteristic by 
le bias electric field impressed to the electron emission characteristic of the 1st example and the 2nd up electrode 
responding to the 2nd operation gestalt. 

drawing 5] It is the important section cross section showing the outline structure of the conventional ferroelectric cold 
ithode. 

)escription of Notations] 

Ferroelectric 

Lower Electrode 

13, 23 Up electrode 

14, 24 Insulating layer 
Electron Emission Aperture 
Driving Pulse Voltage 
Positive Bias Electric Field 
Negative Bias Electric Field 
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